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変材料に9倍重量のHanks’ balanced saline solution (Sigma-



















後Ficoll-Paque Plus（Amersham Pharmacia Biotech, Uppsala,
Sweden）にて末梢血単核球を分離後，2×106個/mlにな






















はSplichal et al.,21) の報告に従って行った。



















Fig. 1. Schedules for animal experiments. The numbers below arrows indicate days after first immunization or 
inoculation.
(Experiment 1) Twenty-four SPF pigs were divided into three groups. Groups of eight pigs from groups B and C 
were immunized intranasally with YS-1 and YS-19, respectively, on days 0, 16 and 32, while eight pigs in group A 
were inoculated intranasally with the medium as a control. The pigs in three groups were challenged with a 
virulent M. hyopneumoniae strain on days 49-51 days. On day 85, the pigs were necropsied. 
(Experiment 2) Six germ-free pigs were divided into three groups. On three consecutive days, two pigs from 
groups A and B were inoculated intranasally with a suspension containing 1.5mg of  rP97protein and rNrdF 
protein, respectively. Two pigs in group A were inoculated PBS. On days 3 and 6, three pigs from each group 
were necropsied.
(Experiment 3) Twenty-one SPF pigs were divided into three groups. Groups of seven pigs from groups B and C 
were immunized intradermally with a needle-free injector with YS-1 and YS-19, respectively, while seven pigs in 
group A were inoculated intradermally with the medium as a control. The pigs in three groups were challenged 
with a virulent M. hyopneumoniae strain on days 24-26 days. On day 66, the pigs were necropsied. 
(Experiment 4) Nineteen SPF pigs were divided into two groups. Ten pigs were immunized intradermally with a 
needle-free injector with YS-19, while nine pigs were inoculated intradermally with the medium as a control. The 


















Needle-free injector（Med-e-jet Co., USA）を用いて耳根
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Fig. 2. Proliferation of peripheral blood mononuclear cells (PBMC) in immunized and non-immunized 
pigs. On days 0, 16, 24, 37(a), 52(b) and 71(c), PBMC from the pigs were stimulated with rP97 
protein. The data for on days 0, 16 and 24 are not shown. The results are expressed as the 

























Fig. 3. Production of IFN-γfrom PBMC in immunized and non-immunized pigs. On days 24, 
52(a) and 71(b), PBMC from the pigs were stimulated with rP97 protein. The data for 
on day 24 are not shown. The results are expressed as the mean of SI±SEM.
Fig. 4. Production of IL-8 from PBMC in immunized and non-immunized pigs. On day 
24, PBMC from the pigs were stimulated with rP97 protein. The data for one 
pig in the YS-19-immunized group was not included.
Table 1. Sequences of the peptides used for stimulation 
of PBMC
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Fig. 5. Production of IFN-γfrom PBMC in immunized and non-immunized pigs. On day 85, PBMC from the 
pigs were stimulated with peptides and rP97 protein. 1, peptide 1; 2, peptide 2; 3, peptide 3; 4, 
peptide4; 5, peptide5; 6, peptide 6; 7, peptide 7; 8, peptide 8; P, rP97; C, control.
Fig. 6. Production of IL-8 from PBMC in immunized and non-immunized pigs. On day 85, PBMC from the 
pigs were stimulated with peptides and rP97 protein. 1, peptide 1; 2, peptide 2; 3, peptide 3; 4, 































Fig. 7. Cells observed in the bronchoalveolar lavage fluid after intranasal 
inoculation of PBS (a), rNrdF (b) and rP97 protein (c). 
Fig. 8. The needle free-injector used for intradermal 
immunization of YS-19 strain. 
Fig. 9. Proliferation of PBMC in immunized and non-
immunized pigs. On days 0, 20, 30 and 45, PBMC 
from the pigs were stimulated with rP97 protein. 
The data for on days 0, 20 and 45 are not shown. 
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Table 2. Effect of intradermal vaccination with the needle-free injector of E. rhusiopathiae
YS-19 on development of pneumonia
Percentage of lung pneumonic (%)Treatment group
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　　We investigated immune responses to the P97 antigen of Mycoplasma hyopneumoniae in pigs vaccinated with 
Erysipelothrix rhusiopathiae YS-19 strain expressing a recombinant protein of the P97 antigen on the cell surface. In the 
pigs that were intranasally immunized three times with the YS-19 stain, the P97-specific serum antibodies were not 
detected throughout the experimental period. However, after the third immunization, peripheral blood mononuclear cells 
(PBMC) from the YS-19-immunized pigs significantly proliferated when stimulated with the P97 protein, compared to the 
cells from non-immunized pigs. Furthermore, when stimulated with the P97 protein, production of IFN-γ, an indicator of 
cell-mediated immune responses, from PBMC of the YS-19-immunized pigs was observed after the challenge. Irrespective 
of the immunization of pigs with the YS-19 strain, PBMC produced IL-8 with stimulation with P97 protein, and exuded 
polymorphonuclear leukocytes were observed in the bronchoalveolar lavage fluid from the pigs that had been intranasally 
inoculated with P97 protein. In an experiment in which a needle-free injector was used for intradermal immunization, 
PBMC from the pigs immunized with the YS-19 strain significantly proliferated with stimulation with the P97 protein after 
a challenge with a virulent M. hyopneumoniae strain. In pigs immunized with the YS-19 strain using the needle-free 
injector, the severity of pneumonic lung lesions caused by M. hyopneumoniae infection was significantly reduced. 
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